1. Introduction {#s0005}
===============

According to World Health Organization (WHO) Global Health Estimates in 2012, stroke was the second leading cause of death and the third leading cause of disability-adjusted life years (DALYs) lost globally [@bb0005]. A systematic review that synthesized 12 population-based studies from 10 low- and middle-income countries (LMICs) and 44 studies from 18 high-income countries (HICs) found significant disparities in stroke incidence trends between HICs and LMICs. Over the past four decades, stroke incidence decreased 42% in HICs, but increased more than 100% in LMICs. From 2000 to 2008, estimated stroke incidence rates in LMICs surpassed those in HICs by about 20% [@bb0010].

Stroke has created heavy social and economic burdens in LMICs. In China in 2004, the average cost for a stroke admission was two times the annual income of rural residents, and the cost of stroke care for the government-funded hospitals increased 117% annually between 2003 and 2007 [@bb0015]. The global burden of stroke reflects a pressing need for well-designed strategies to help track current trends as well as to curb the projected spread of stroke worldwide, especially in LMICs.

In this review, we present evidence of modifiable and other risk factors for stroke and then discuss current trends in primary prevention, treatment, and management of stroke during the acute phase, as well as secondary prevention of and rehabilitation after stroke, with a focus on cost-effective strategies in LMICs, where such evidence exists. However, our review of current literature has revealed that evidence on comparative cost-effectiveness of stroke prevention and management strategies in LMICs is far from adequate. Finally, the review concludes with recommendations for policy-makers and future research directions.

2. Risk factors for stroke {#s0010}
==========================

Increased stroke incidence is largely associated with aging and urbanization and propelled by the increasing prevalence of key risk factors, especially in LMICs. The INTERSTROKE study, a large international case--control study of risk factors for incidence of stroke in 22 countries including LMICs, found evidence of 10 significant modifiable risk factors, including history of hypertension, current smoking, diabetes mellitus, waist-to-hip ratio, diet risk score, physical inactivity, alcohol intake, psychosocial stress and depression, cardiac causes, and ratio of apolipoproteins B to A1 [@bb0020]. Non-modifiable risk factors related to hereditary or natural processes include age, sex/gender, and race/ethnicity. Relative risks, odds ratios, and hazard ratios associated with risk factors for stroke are summarized in [Table 1](#t0005){ref-type="table"}.Table 1Relative risks, odds ratios or hazard ratios of risk factors for stroke.Table 1Risk factorType of studyResultsReferenceHigh blood pressureReviewA close, progressive, and approximately linear relationship exists between BP levels and primary incidence of stroke[@bb0025]Review of 45 observational cohorts involving 13,397 participantsA fivefold difference in stroke risk exists between the highest BP categories (usual DBP 102 mm Hg) and the lowest ones (usual DBP 75 mm Hg)[@bb0030]Meta-analysis of 61 prospective observational studiesAt ages 40--69, each difference of 20 mm Hg in usual SBP is associated with more than a twofold difference in the stroke death rate.[@bb0035]Cohort studies involving 124,774 participants from 13 cohorts in China and JapanEach 5 mm Hg lower usual DBP is associated with lower risk of both non-hemorrhagic (odds ratio 0.61, 95% CI 0.57--0.66) and hemorrhagic stroke (0.54, 0.50--0.58).[@bb0040]National Health Survey of PakistanThe relative risk comparing the hypertension group with the normal group is approximately 4.[@bb0045]Tobacco useCohort studies in USIn contemporary cohorts, male and female current smokers have similar relative risks for death from stroke (1.92 for men and 2.10 for women).[@bb0050]Cohort study involving 202,248 participants in USAdjusted hazard ratios for death from stroke among current smokers compared with persons who never smoked is 3.2 (99% CI, 2.2--4.7) for women and 1.7 (1.0--2.8) for men.[@bb0055]ReviewCurrent smokers have at least a two- to four-fold increased risk of stroke than lifelong nonsmokers or individuals who have not smoked for more than 10 years.[@bb0060]Diabetes mellitusReviewPeople with diabetes have more than double the risk of ischemic stroke, relative to individuals without diabetes.[@bb0065]Cohort study involving 3298 stroke-free participants in USCompared to nondiabetic participants, those with diabetes for 0--5 years (adjusted HR, 1.7; 95% CI, 1.1--2.7), 5--10 years (1.8; 1.1--3.0), and more than 10 years (3.2; 2.4--4.5) are at increased risk of ischemic stroke.[@bb0070]Diet and NutritionCohort study involving 174,888 participants in USHigh consumption of fruits and vegetables is associated with lower risk of stroke.\
Adherence to the U.S. Department of Agriculture dietary recommendations for vegetable intake among women is associated with a reduced risk of fatal stroke, although this result is not statistically significant (relative risk, 0.84; 95% CI, 0.68--1.04).[@bb0075]Cohort study involving 14,407 participants in USAmong overweight persons, a 100 mmol higher sodium intake is associated with a 32% increase (relative risk, 1.32; 95% CI, 1.07--1.64; P = 0.01) in stroke incidence, 89% increase (1.89; 1.31--2.74; P \< 0.001) in stroke mortality.[@bb0080]Cohort study involving 29,079 participants in JapanAssociations between sodium intake and death from ischemic stroke are significantly positive (hazard ratio, 3.22; 95% CI, 1.22 to 8.53).[@bb0085]Overweight and obesityCohort study involving 17,643 participants in USBody mass index increases the risk of stroke not only through its impacts on other risk factors but also independently.[@bb0090]Physical activityMeta-analysis of 18 cohort and 5 case--control studiesHighly active individuals have a 27% lower risk of stroke incidence or mortality (relative risk of 0.73; 95% CI, 0.67--0.79) than less-active individuals.\
Moderately active individuals compared with inactive persons (relative risks were 0.83 for cohort, 0.52 for case--control, and 0.80 for both combined).[@bb0095]AgeCohort study involving 5201 participants in USRisk of stroke approximately doubles for each successive decade of life after age 65.[@bb0100]GenderReviewWomen have more stroke events due to their longer life expectancy and older age at the time of stroke onset; stroke-related outcomes, including disability and quality of life, are poorer in women than in men.[@bb0105]Systematic review of 98 articlesStroke is more common among men, but women become more severely ill; incidence and prevalence rates of men are 33% and 41% higher, respectively, than those of women; stroke is more severe in women, with a case fatality at one month of 24.7% compared with 19.7% for men.[@bb0110]Systematic review of 31 articles in Arab countriesStroke is more common in males than females (range for males 55.9--75%).[@bb0115]Atrial fibrillationCohort study involving 5070 participants in USIn persons with coronary heart disease or cardiac failure, atrial fibrillation doubles the stroke risk in men and trebles the risk in women; in older patients ages 80--89, the attributable risk of stroke from atrial fibrillation is 23.5%.[@bb0120]

3. Surveillance, screening and diagnosis {#s0015}
========================================

3.1. Surveillance {#s0020}
-----------------

Few LMICs have the necessary funding and resources either to establish surveillance networks or to register data for detecting health trends in the population. The WHO recommends a stepwise stroke surveillance approach (STEPS Stroke) for collecting data and monitoring trends. STEPS Stroke recommends collecting three types of data: information on stroke patients admitted to heath facilities (step 1), number of fatal stroke events in the community (step 2), and estimated number of non-fatal stroke events in the community (step 3). A study synthesizing STEPS Stroke surveillance in nine sites in India, the Islamic Republic of Iran, Mozambique, Nigeria, and the Russian Federation showed that STEPS Stroke surveillance is possible and feasible in low-resource settings [@bb0125].

3.2. Screening for populations at high risk for stroke {#s0025}
------------------------------------------------------

Screening for stroke risk factors provides an excellent opportunity to identify and educate those at high risk. It usually includes surveys of demographic and lifestyle information, blood pressure measurement, carotid bruit detection, cholesterol measurement, blood glucose tests, and education on warning signs or symptoms, such as transient ischemic attack, and heart-related symptoms, such as atrial fibrillation. Similar to surveillance initiatives, a step-wise approach is suggested for screening. At a most basic level, screening for risk factors may include collection of information on demographics and lifestyle, such as diet, physical activity, and smoking or alcohol use. A second tier of screening might include data obtained from physical examination, including height, weight, girth, and blood pressure measurements. A final tier might include laboratory measures, such as blood glucose and cholesterol levels. In resource-poor settings, where clinical tests may be inaccessible and unaffordable, patient history and physical examinations may be more cost-effective for stroke screening.

Congleton and others reported that Eastern North Carolina in the United States, where previous stroke mortality had been 12% higher than the rest of the state, saw a decrease in stroke prevalence and mortality after approximately 4900 community outreach risk factor screenings were conducted between 2007 and 2011 [@bb0130]. The cost-effectiveness of national stroke screening has not been analyzed comprehensively in LMICs, but it is reasonable to assume that targeted or opportunistic screening would decrease the stroke burden in LMICs. China launched the Stroke Screening, Prevention, and Treatment Project in 2009 to establish a nationwide stroke screening network consisting of nearly 140 stroke screening centers in selected hospitals, aiming to standardize evidence-based stroke care throughout China and explore the need to establish an electronic national stroke registry. However, many LMICs have no stroke screening projects, which is likely attributable to limited resources and lack of awareness of screening benefits.

3.3. Diagnosis {#s0030}
--------------

The American Heart Association/American Stroke Association introduced best practice guidelines for stroke diagnosis that include patient history, physical examination, neurological examination and stroke scales, and diagnostic tests. Neurological examinations should be performed if patient history and physical examination are suggestive of a stroke, and National Institute of Health Stroke Scale (NIHSS) or other standardized stroke scales can assist in estimating the severity of stroke. Brain imaging can distinguish ischemic stroke from intracranial hemorrhage, identify the subtype of stroke, and often the cause of stroke; vascular imaging may identify the site and cause of arterial obstruction as well as patients at high risk of stroke recurrence. Computed Tomography (CT) scanning, Magnetic Resonance Imaging (MRI), Doppler ultrasound, CT angiography, magnetic resonance angiography are also widely used in HICs to determine the subtypes and causes of stroke.

The most widely used strategy for stroke diagnosis is immediate CT scanning. However, the expense of CT equipment for healthcare facilities and the cost of individual use of CT scanning for patients are still high for low-resource countries and areas. For example, plain CT scanning in India costs US\$90, which is a significant burden in the context of average monthly middle-class income of US\$500 and lack of universal health insurance. Moreover, CT scanning is not sensitive for old hemorrhage, a condition that requires the use of other technologies such as MRI and digital subtraction angiography, which may not be available in resource-poor countries. The need to develop and distribute accessible, inexpensive, and reliable diagnostic equipment and technologies continues to present a growing challenge to LMICs.

4. Primary prevention {#s0035}
=====================

The main primary preventive approaches for stroke are the promotion and maintenance of healthy lifestyle and blood pressure control. A healthy lifestyle includes not smoking (and smoking cessation for smokers), no binge drinking, being physically active, and a healthy diet characterized by adequate fruit and vegetable intake, reduced dietary trans fat intake, and reduced sodium intake. Prevention strategies for cardiovascular disease (CVD) may target those at high-risk or populations. Although a high-risk target strategy is recommended by clinical guidelines as the primary strategy, it has been argued that most CVD events occur in individuals who are at low to moderate absolute risk of CVD [@bb0135]; therefore, prevention strategies based on the high-risk approach might have a limited population impact on stroke risk reduction. It remains debatable which strategy is more cost-effective, and a more effective approach may be a combination of the two.

4.1. Tobacco control {#s0040}
--------------------

Tobacco control was ranked number one among the top five priority interventions for non-communicable diseases (NCDs), according to a group of experts [@bb0140]. According to a micro-simulation model based on Indian data, smoke-free legislation and tobacco taxation in combination could avert 25% (95% CI: 17%--34%) of myocardial infarctions and strokes if the effects of the interventions are additive [@bb0145]. They were likely to be more effective than brief cessation advice by healthcare providers, mass media campaigns, and an advertising ban. Cessation advice was expected to be the least effective strategy at the population level.

4.2. High blood pressure prevention and control {#s0045}
-----------------------------------------------

Reducing blood pressure has been demonstrated to reduce the risk of stroke effectively. In a meta-analysis of 11 clinical trials on blood pressure reduction and stroke among Asian populations, a 10 mm Hg reduction in systolic blood pressure was associated with a 30% reduction in risk of stroke, regardless of the anti-hypertensive agents used (renin--angiotensin blockers, calcium-channel blockers, or diuretics) [@bb0150].

All clinical guidelines and expert consensus statements on prevention of stroke place great emphasis on high blood pressure prevention and control. Both a healthcare provider-centered high-risk approach as well as population-based measures for prevention of hypertension in the general population are needed. Many LMICs, such as China, Thailand, Brazil, and Mexico, have initiated nation-wide programs for high blood pressure prevention and management through a combination of public health, clinical, and health system approaches [@bb0155], [@bb0160], [@bb0165]. It is necessary to monitor and evaluate the long-term cost-effectiveness of these programs, and to develop and refine evidence-based, feasible, sustainable, and specific measures to guide their implementation.

4.3. Sodium reduction {#s0050}
---------------------

Reduction of sodium intake has been ranked as the second most cost-effective intervention, after tobacco control, for addressing the NCD crisis [@bb0140]. Achievement of actual and sustained reduction in sodium intake remains a challenge for both researchers and policymakers, due to the notorious difficulty of changing lifelong dietary habits. More emphasis is needed on programs that discourage younger generations from establishing a high-sodium dietary pattern earlier in life.

The use of low-sodium high-potassium salt substitutes, a safe product commercially available for many years, remains a useful strategy to circumvent the need to change dietary habits. In developed countries, over 70% of sodium intake comes from processed pre-packaged food; thus, HIC residents would not be expected to benefit from the use of salt substitutes as much as LMICs, where the majority of sodium intake comes from salt added during cooking. Salt substitutes have been shown in a meta-analysis of six clinical trials to reduce systolic blood pressure by an average of 4.9 mm Hg and diastolic by 1.5 mm Hg in adults, compared to usual salt [@bb0170]. These trials on salt substitutes -- to be substantiated in the future by larger trials on hard outcomes (e.g. mortality or morbidity), such as a trial of 21,000 patients currently underway in rural China ([ClinicalTrials.gov](http://ClinicalTrials.gov){#ir0005} No. [NCT02092090](ctgov:NCT02092090){#ir0010}) -- suggest that a policy of subsidizing and promoting salt substitutes may have potential as a useful tool in reducing sodium intake, blood pressure, and stroke incidence in LMICs [@bb0175].

4.4. Pharmaceutical treatments {#s0055}
------------------------------

In addition to lifestyle modifications, another mainstay strategy for primary prevention of stroke is through pharmaceutical means to address hypertension, dyslipidemia, and atrial fibrillation. The most compelling evidence -- from Class I Level A from multiple randomized clinical trials or meta-analyses -- recommends treating hypertensive patients primarily with thiazide-type diuretics, as well as angiotensin-converting enzyme inhibitors (ACEI), angiotensin II receptor blockers (ARB), beta-blockers (BB), calcium channel blocker (CCB), or combination, with the aim of achieving blood pressure goals that are reflected in the Eighth Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC-8) [@bb0180]. In patients with coronary heart disease or diabetes, the recommended treatment is a 3-hydroxy-3-methylglutaryl coenzyme-A (HMG-CoA) reductase inhibitor (statin) medication, with the aim of achieving LDL-cholesterol goals that are reflected in the National Cholesterol Education Program (NCEP) guidelines. By contrast, intensive glucose therapy in patients with type 2 diabetes did not yield significant reduction in the incidence of stroke or other macrovascular events in the ACCORD or ADVANCE trials [@bb0185].

The awareness, treatment, and control rates of hypertension and statin use in LMICs were universally lower than that in HICs [@bb0190], [@bb0195], [@bb0200], [@bb0205]. To close the guideline-practice gaps, LMICs need to find innovative and effective strategies to overcome many health system and socio-economical barriers, such as their curative, acute-care oriented systems, with limited resources and capacity; to improve identification of those at risk; and to develop more comprehensive medication formularies on public and private health and pharmacy insurance plans.

4.5. Polypill {#s0060}
-------------

Polypill was originally proposed by Yusuf [@bb0210] and Wald and Law [@bb0215] in the early 2000s and is estimated to have reduced ischemic heart disease events and stroke by over 70% as, respectively, either a secondary prevention drug among those with vascular disease or as a primary prevention measure. This concept of a fixed-dose combination drug has been controversial since its inception and sparked many debates and several clinical trials intended to test the efficacy of polypill in similar but slightly different formations. Already completed and published trials (TIPS, UMPIRE and IMPACT) were mostly completed in India and New Zealand and focused on risk factor improvements [@bb0220], [@bb0225]. Their results showed smaller than theorized improvements in blood pressure and lipid levels, but the relative and absolute benefits of polypill on clinical outcomes are likely to be larger in high-risk than in low-risk subgroups, though the differences are not statistically significant.

Controversies regarding polypill are likely to continue, given its multi-faceted appeal for overcoming the problems of polypharmacy, low cost, and large anticipated effect. At the same time, unresolved inherent issues with polypill remain: defining the optimal components of the polypill and evaluating the pharmacodynamics and pharmacokinetics of a multiple-component formulation. Ongoing and future trials on polypill and hard outcomes are needed to establish its safety and effectiveness. Cost-effectiveness of such a strategy in LMICs also needs to be established. Meanwhile, a balanced view regarding its role in primary prevention of stroke is called for. Polypill use should not lead to abandonment or reduced emphasis on the healthy lifestyle measures, which should remain the mainstay of stroke prevention.

4.6. Atrial fibrillation {#s0065}
------------------------

Prevention of recurrent atrial fibrillation is one of the best protections against stroke caused by this condition. Antiplatelet compounds such as aspirin are indicated for atrial fibrillation patients with a low to moderate risk of thrombosis (CHA2DS2-VASc scores 0--1) and can reduce the risk of stroke from atrial fibrillation by 20%--25%. Anticoagulation with vitamin K antagonists (most commonly warfarin in the United States and some other countries and acenocoumarol and phenprocoumon in Europe) has been the treatment of choice for prevention of embolic events in patients with atrial fibrillation and a moderate to high risk of thrombosis, reducing the risk of stroke by up to 62% [@bb0230]. However, warfarin does have significant limitations including bleeding, need for continued follow-up blood tests, and drug--drug interactions. Although newer anticoagulants such as apixaban, rivaroxaban and dabigatran have been developed, they still have the potential side effect of causing significant bleeding. Nevertheless, in a modeling study in Slovakia, rivaroxaban was cost-effective compared to warfarin with an Incremental Cost-Effectiveness Ratio of 17.4 [@bb0235]. A large international trial involving 14,264 patients with AF reported that rivaroxaban was non-inferior to dose-adjusted warfarin in regard to all-cause stroke [@bb0240]. Other studies found that use of dabigatran and apixaban were cost-effective compared to warfarin to prevent stroke among atrial fibrillation patients [@bb0245], [@bb0250], [@bb0255].

Due to their limitations, effective use of warfarin or other anticoagulants has faced barriers, especially in LMICs. In health resource-limited settings such as China, new oral anticoagulants were not found to be cost-effective because of high prices of the drugs [@bb0260]. The left atrial appendage has been shown to be the site of thrombus formation in the majority of strokes associated with atrial fibrillation. Closure or exclusion of the left atrial appendage has emerged as an alternative therapeutic approach to medical therapy, the safety and effectiveness of which have yet to be fully established [@bb0265].

4.7. Community-based education program {#s0070}
--------------------------------------

Community education encompasses all approaches that are concerned with screening, raising awareness, health education on risk factors, ways to reduce disease risks, and other health promotion activities conducted in communities. A systematic review of peer-reviewed articles published between 1999 and 2006 on the topic of public education for stroke prevention included 32 studies on educational programs. Seven of the educational programs were judged successful using the evaluation criteria. They included two large-scale programs and five narrowly targeted programs [@bb0270]. A community-based intervention trial was conducted in two communities (one intervention, one control) in three cities in China. Regular health education and health promotion activities were conducted between 1991 and 2000 in the intervention communities but no special action was taken in the control communities. Through 10 years of intervention, incident risk of strokes decreased by 11.4%, 13.2%, and 7.2%, respectively, in the three interventions compared with control communities [@bb0275].

4.8. Digital health prevention strategies {#s0075}
-----------------------------------------

Digital health is emerging as a promising field that involves the use of new information and communication technology to improve healthcare management for both healthcare providers and patients. So far, no clear consensus about the terminology or the definition concerning digital health has been made. Other terminology includes "eHealth," "telemedicine," and "m-Health" (for mobile Health). In this chapter, we use digital health to encompass all the related terms.

Digital health is often associated with improved clinical decision-making and increased efficiency for healthcare providers. For example, electronic health records, which are replacing traditional paper-based health records, integrate and organize patient health information so that every health provider involved in a patient\'s care can have the same accurate and up-to-date information about a patient [@bb0280].

The growing global burden of stroke requires innovative, effective and widely available strategies for stroke prevention. Mobile technologies, such as the recently introduced Stroke Riskometer App, offer an opportunity to address these issues [@bb0010], [@bb0285]. Digital health makes it possible to individualize interventions for physical activity and dietary behavior change. For stroke prevention, some applications have already been developed based on the Framingham Heart Study stroke prediction algorithm plus additional major risk factors for stroke. Users can identify personal stroke risk factors and find out their absolute risk of stroke development, as well as their relative risk compared to those of the same age and gender; knowledge of one\'s relative risk may be more motivating for behavior change than that of absolute risk. Digital health programs in LMICs have the potential to expand access to necessary prevention and treatment services using ubiquitous and low-cost communication infrastructure. However, more research on its effectiveness and best strategies for implementation to harness its potential for stroke prevention and control is needed.

Cost-effectiveness studies that compare multiple prevention strategies in LMICs are few. A review including nine studies and evaluating 14 comparative strategies for CVD (both heart disease and stroke) in Argentina concluded that salt reduction in breads, antihypertensive treatment, mass educational campaigns, and polypill strategies could be considered cost-effective. The authors commented that, "The available economic evidence to guide resource allocation for CVD in Argentina seems to be scarce and limited" [@bb0290].

5. Treatment of stroke during the acute stage {#s0080}
=============================================

5.1. Ischemic stroke {#s0085}
--------------------

Intravenous thrombolysis has been approved for the treatment of acute ischemic stroke in most countries for more than 10 years and is therefore recommended as evidence-based treatment in stroke guidelines [@bb0295]. Intravenous tissue plasminogen activator (tPA), administered within 4.5 h of symptom onset, is the only therapeutic agent approved for achieving arterial recanalization and tissue reperfusion in acute ischemic stroke. Current major guidelines recommend the use of a standard dose (0.9 mg/kg bodyweight; maximum 90 mg) of tPA. However, the recommended dosage of tPA in Asian populations varies, partly influenced by treatment costs of this expensive medicine in developing countries [@bb0300]. In Japan, the only approved dosage of tPA is 0.6 mg/kg bodyweight, one of the reasons to utilize such a lower dosage is racial differences in treatment response. Consensus regarding the optimal dosage of tPA should be reached, and ongoing trials should begin to illuminate whether low-dose tPA could be effective or not, and for which populations. Although a possibility for stroke management in HICs, tPA may not be an option in certain areas in LMICs due to delayed presentation and cost [@bb0305]. Thrombolysis is used in \< 1% of strokes in China because patients cannot afford it, a situation paralleled in India [@bb0310].

Mechanical thrombectomy using a new generation of endovascular tools, stent retrievers, is found to improve functional outcome in combination with pharmacological thrombolysis when indicated. Successful recanalization was achieved in the clinical settings in most patients with the Solitaire device and TREVO device [@bb0315], [@bb0320]. Based on a consensus group discussion at the ESO-Karolinska Stroke Update conference in Stockholm in November 2014, and its final statement in February 2015, several European professional organizations, including the European Stroke Organization (ESO), the European Society of Minimally Invasive Neurological Therapy (ESMINT) and the European Society of Neuroradiology (ESNR), issued new recommendations on mechanical thrombectomy, including that: 'Mechanical thrombectomy, in addition to intravenous thrombolysis within 4.5 h, when eligible, is recommended to treat acute stroke patients with large artery occlusions in the anterior circulation up to 6 h after symptom onset' [@bb0325].

5.2. Hemorrhagic stroke {#s0090}
-----------------------

Results of data analysis from 404 hemorrhagic stroke patients in the INTERACT study showed that early (within 6 h of onset) intensive BP-lowering treatment (target systolic blood pressure 140 mm Hg) attenuated hematoma growth over 72 h in hemorrhage. There were no appreciable effects on peri-hematomal edema [@bb0330]. A larger trial based on 2794 hemorrhagic stroke patients in the INTERACT2 study did not find intensive lowering of blood pressure within 1 h to reduce the primary outcome of death or severe disability. Additional analyses indicated improved functional outcomes with intensive lowering of blood pressure [@bb0335].

5.3. Stroke unit {#s0095}
----------------

Organized inpatient stroke unit care is provided by multidisciplinary teams that exclusively manage stroke patients in a dedicated ward (stroke ward), with a mobile team (stroke team) or within a generic disability service (a mixed rehabilitation ward). Stroke unit has long been shown to be an effective model of care delivery that improves clinical outcomes for stroke patients. The Stroke Unit Trialists\' Collaboration published a series of Cochrane reviews on stroke unit. The systematic review of randomized trials in 1997 indicated that stroke patients who were managed in an organized (stroke unit) setting were less likely to die, remain physically dependent, or require long-term institutional care, compared to those in conventional care. Further analyses showed that organized inpatient stroke unit care probably benefitted a wide range of stroke patients in a variety of different ways, e.g., reducing death from secondary complications of stroke and reducing the need for institutional care through a reduction in disability. The review published in 2002 and updated in 2007 concluded that stroke patients who received organized inpatient care in a stroke unit were more likely to be alive, independent, and living at home one year after the stroke. The benefits were most apparent in units based in a discrete ward. No systematic increase was observed in the length of inpatient stay. Several studies from five continents (China, India and South Asia, South America, Africa, and East Europe/Middle East) noted lower death rates in the stroke unit group compared with the control group, indicating that stroke units should also be effective in LMICs [@bb0340]. However, establishing such units in LMICs is a challenge in itself, particularly where there is a lack of specialists, capacity, and other system-level barriers. More translational studies are needed to assess whether and how stroke unit can be implemented in resource-limited settings.

6. Secondary prevention of stroke {#s0100}
=================================

Secondary prevention of stroke is of particular importance due to high risk of recurrent stroke, which occurs in approximately one third of stroke survivors in 5 years. Evidence-based guidelines for secondary prevention stress the benefits of healthy lifestyle, such as healthful diet, appropriate physical activity, and non-smoking, similar to those described for primary prevention. Additional measures are discussed below.

6.1. Blood pressure control {#s0105}
---------------------------

Control of high blood pressure remains the most important strategy for secondary prevention of stroke. Existing evidence shows that lowering blood pressure with lifestyle changes and antihypertensive medicines protect against stroke recurrence [@bb0345]. No comprehensive data are available on how well blood pressure treatment has been achieved among stroke patients in LMICs; however, it is intuitively logical that the situation is worse in LMICs, compared to HICs [@bb0350], because of the higher prevalence of stroke, more limited access to high-quality healthcare, and lower affordability of medicine in these countries, especially in rural areas.

6.2. Antiplatelet and lipid-lowering therapy {#s0110}
--------------------------------------------

Antiplatelet and lipid-lowering therapies are considered to be effective treatments for secondary prevention of ischemic stroke. Aspirin as the most common antiplatelet therapy and statin as lipid-lowering therapy are recommended by major clinical guidelines for secondary prevention of stroke. However, uptake of aspirin has been low and even lower for statin [@bb0350]. A study of 4782 ischemic stroke inpatients in urban China in 2006 showed that in-hospital initiation of antiplatelet therapy was acceptable (81%), but its use decreased to 66% by 12 months after stroke. While for lipid-lowering therapy, in-hospital initiation was only 31% and it decreased to 17% by 12 months. Unlike the controversy surrounding use of polypill for primary prevention, polypill has special appeal for secondary prevention in LMICs because of its relative ease of use, effectiveness, and low cost. How to overcome barriers to its production, distribution, and sustained use by patients are key issues to be addressed in order to reap population-wide benefits.

6.3. Homocysteine-lowering therapy {#s0115}
----------------------------------

Elevated circulating homocysteine level has been postulated as a risk factor for CVD [@bb0355]. However, an updated Cochrane review published in 2013 that included a total of 12 trials (four new trials since the last review in 2009) did not find support for homocysteine-lowering therapy in the form of supplements of vitamins B6, B9, or B12, either alone or in combination, for preventing cardiovascular events [@bb0360]. The review included 47,429 participants either with or without existing CVD, suggesting that the finding of non-effectiveness may apply to both primary and secondary prevention of myocardial infarction and stroke. New trials are underway in China to evaluate the combined effect of folic acid and B vitamins for secondary prevention of stroke.

6.4. Surgery for carotid stenosis {#s0120}
---------------------------------

Surgical interventions for symptomatic or asymptomatic carotid stenosis may be one option for certain patients for secondary prevention. The less invasive carotid artery stenting was not inferior to traditional carotid endarterectomy [@bb0365]. However, the cost of stenting is much higher than endarterectomy [@bb0370]. More evidence is needed to determine whether and under which circumstances surgical interventions for carotid stenosis are useful.

6.5. Self-management and family support {#s0125}
---------------------------------------

Community-based self-management intervention is a promising strategy to address public health problems of chronic conditions worldwide by emphasizing patient responsibility and acting in concert with community healthcare providers. Self-management in stroke involves conscious effort by patients themselves to deal with stroke-induced impairments, threat of stroke recurrence, and challenges of long-term recovery. Patients require a combination of information provision, support, and education about behavior change, tailored to the beliefs, attitudes, and cognitions of those who have had a stroke, their social circle, and healthcare providers. It was reported that three key dimensions affect stroke self-management equally: individual capacity, support for self-management, and self-management environment. Each component has the potential to facilitate or hinder successful self-management.

Self-management interventions have been demonstrated to reduce the risk of stroke recurrence and have positive impacts on healthcare resource utilization, which is of great significance for resource-scarce settings. However, the benefits of self-management remain inconclusive. The latest systematic review reported that only six of the nine randomized controlled studies and three of the six non-randomized trials found benefits associated with post-stroke self-management [@bb0375]. None of the trials were conducted in LMICs; thus, further studies are needed in those resource-poor settings.

Between 25% and 74% of stroke survivors require help with daily living activities from informal caregivers, often family members. Results from the London Stroke Carers Training Course (LSCTC) -- a systematic structured training program delivered in a stroke unit for caregivers -- showed a reduction in caregiver burden, anxiety, and depression and improved psychological outcomes for patients\' post-LSCTC, compared with usual care. However, the Training Programme for Caregivers of Inpatients after Stroke (TRACS) -- a larger scale, robust trial -- showed no significant difference between LSCTC trainees and controls in any of the assessed outcomes above [@bb0380]. Recently, the ATTEND [@bb0385] trial and RECOVER trial have been implemented in India and China, respectively, aiming to determine whether home-based stroke recovery supported by a trained family member is an effective, affordable strategy for those with disabling stroke. The results of these two trials should yield strong evidence on the effects of caregiver training program in LMICs.

7. Stroke rehabilitation {#s0130}
========================

Although stroke is experienced as an acute event, stroke survivors live with long-term consequences and often manage their resulting limitations and health status as a chronic condition. As the population of elderly stroke survivors increases, and the number of survivors with disability and chronic care needs grows, rehabilitation care and therapy will play an increasingly important role. Stroke rehabilitation can be provided in inpatient, home, and community-based programs and may include physical, occupational, speech, and recreation therapies. The availability of and access to rehabilitation services and care for patients transitioning from their acute hospitalization varies dramatically around the globe, especially in LMICs. Factors contributing to the limited availability and accessibility include: poor physician knowledge of the role of rehabilitation; lack of rehabilitation component in the standard of care; the long interval from stroke onset to admission to rehabilitation; the infrequent, unskilled, and short-lived provision of rehabilitation care; and inadequate public insurance or financial support for rehabilitation care [@bb0390]. Below, we discuss stroke rehabilitation by both models of care delivery and discipline-specific interventions ([Table 2](#t0010){ref-type="table"}).Table 2Models of care delivery for stroke rehabilitation.Table 2Model of care deliveryDescriptionGeneral evidenceEvidence in LMICsEvidence gapType of studyEvidenceType of studyEvidenceStroke unitProvided in hospitals by nurses, doctors, and therapists specializing in care for stroke patientsMeta-analysis of 28 RCTs involving 5855 patientsImproved likelihood of survival, return home, and independence after a stroke [@bb0395]NoneNoneThe extent to which organized stroke unit care is or can be provided globallyMultidisciplinary inpatient rehabilitation servicesTherapy and treatment provided primarily to address mobility, self-care, cognition, communication, and mental health prior to patients returning homeProspective pre-post intervention study involving 83 patients from a rehabilitation center in TurkeyFunctional improvements from admission to discharge were negatively associated with number of days from stroke onset to admission to rehabilitation [@bb0400]Prospective pre-post intervention study involving 327 patients from Thai tertiary hospitalsStroke survivors improved in activities of daily living, psychological status and quality of life [@bb0405]The effectiveness of task-shifting and cross-training health care providers to provided rehabilitation therapiesRCT involving 1209 patients from 20 hospitals in ChinaNeurologic function significantly improved [@bb0410]Early Supported DischargeSupports patients to return home from the hospital earlier than usual to then continue care and rehabilitation from teams of therapists, nurses and doctors in the homeMeta-analysis of 14 RCTs involving 1957 patientsLong-term dependence, admission to institutional care and length of hospital stay could be reduced with a structured and coordinated model of early supported discharge especially for stroke patients with mild to moderate disability [@bb0415]RCTs from communities in India and ChinaResults from pilot studies including ATTEND trial [@bb0375] and RECOVER trial to be seenImplementation and evaluation in LMIC neededHome- and Community-based rehabilitationTherapy and treatment provided for community-dwelling stroke survivors in or outside of the homeMeta-analysis of 14 RCTs involving 1617 patientsImproved and maintained independence in activities of daily living in the year following a stroke [@bb0420]RCT involving 80 patients from a Iran hospitalTreatment group had better basic and instrumental activities of daily living performance than controls [@bb0425]Therapeutic benefit or harm is unclear for rehabilitation provided to stroke survivors living at home a year or longer after the strokeTele-rehabilitationInformation technologies used for communications with patients and caregivers in a remote locationMeta-analysis of 10 RCTs involving 933 patientsNo sufficient evidence to draw conclusions on the effectiveness of tele-rehabilitation on mobility, health-related quality of life or participant satisfaction with the intervention [@bb0430]NoneMay be especially relevant for LMIC where expertise or resources do not reach the country\'s bordersRequires further assessment of feasibility and effectiveness globally

7.1. Physical, occupational or movement therapy {#s0135}
-----------------------------------------------

Interventions to improve physical function in the upper or lower limbs and activities of daily living have been studied in LMICs. Studies examining physical therapy in Mexico (physiotherapy plus caregiver education in rehabilitation) [@bb0435], Iran (physical therapy on balance, exaggerated muscle tonicity and quality of life) [@bb0440], and China (Problem-Oriented Willed-Movement, Therapy and Neurodevelopmental Treatment) [@bb0445] showed that patients improved significantly over time in outcomes including Barthel index (BI), Mini-Mental State Examination (MMSE) and Stroke Rehabilitation Assessment of Movement (STREAM). The research to-date demonstrates interest in examining efficacy and effectiveness of physical rehabilitation and medicine; however, study quality is often low as study limitations are significant [@bb0435], [@bb0440], [@bb0445].

7.2. Speech therapy or cognitive rehabilitation {#s0140}
-----------------------------------------------

No individual studies were identified for "rehabilitation of speech and language disorders," and completed systematic reviews have not identified any studies from LMICs that meet inclusion criteria for specific questions related to speech and language or cognition. Given that an estimated 67% of stroke patients experience cognitive challenges (e.g., decreased attention, poor recall) post-stroke, this gap in the evidence requires attention from researchers.

7.3. Cost effectiveness {#s0145}
-----------------------

Cost effectiveness studies of rehabilitation services in LMICs are also lacking. Investigators from Thailand reported that the cost of the acute phase of care was higher than that of the sub-acute phase, with differences by disability level [@bb0450]. Compared to conventional hospital care, home-based rehabilitation for ischemic stroke patients resulted in a greater number of patients avoiding disability at a lower cost.

In spite of large gaps in stroke rehabilitation research, there has been dramatic growth over the past years as studies have increasingly included rehabilitation outcomes or evaluations of rehabilitation and therapy services. There is also tremendous opportunity in stroke rehabilitation research, and the intersection of disciplines and policy agendas provides the ideal platform for continued growth and success.

8. Conclusions and recommendations {#s0150}
==================================

Over the last two decades, the incidence, prevalence, and mortality rates of stroke decreased in most developed countries, while the opposite was true in LMICs, but the absolute number of people annually affected by stroke, living with stroke (prevalence) and dying from stroke (deaths) is increasing worldwide. Globally, stroke is the second leading cause of death and the third leading cause of DALYs lost in 2010 [@bb0455]. Modifiable risk factors for stroke include high blood pressure, tobacco use, diet (high salt intake in particular), physical inactivity, overweight and obesity, diabetes, and atrial fibrillation. For stroke prevention and control strategies, evidence shows that:•Surveillance to obtain current epidemiological data, screening for stroke risk factors, and accurate diagnoses of stroke are important for preventing and controlling stroke. However, LMICs face challenges in all three activities, due to lack of resources, awareness, and technical capacity. Screening is most successful in high-risk groups; its value to risk reduction in the general population is debatable. However, there is clearly a pressing need to develop and distribute accessible (e.g. mobile), inexpensive, and reliable diagnostic equipment and technologies in LMICs.•Maintaining a healthy lifestyle, such as no tobacco use, healthful diet, physical activity, and weight control, are important strategies for both primary and secondary prevention of stroke in LMICs.•Population-based strategies, such as tobacco tax, universal sodium reduction, and subsidizing healthful dietary choices such as fruits and vegetables, appear to be cost-effective options for LMICs because these strategies do not rely on screening for high-risk individuals and can shift population distribution of risk factors downward for substantial reduction in disease risk. However, no trial evidence or rigorous cost-effectiveness analyses are available to support these claims yet.•Recent trials of intensive blood pressure control in the acute stage of hemorrhagic stroke found improvements in functional outcomes and health-related quality of life, although its impact on severe disability and death were not significant [@bb0460]. Nevertheless, controlling high blood pressure is critically important for preventing and controlling stroke in LMICs.•Besides lifestyle modification and blood pressure control, additional primary prevention strategies for stroke include community-based education programs and prevention and management of atrial fibrillation through maintaining healthy lifestyle and pharmaceutical means such as anticoagulants. Physicians, family caregivers, and patients in LMICs need to be trained and made aware of stroke risk factor reduction and importance of timely referral and evidence-based primary and secondary prevention of stroke•Digital health technology, such as tablet-based risk assessment tools, mobile-phone apps for physicians, and text messaging interventions, represents a new approach for stroke prevention and control. Many studies on digital health, including some in LMICs, are ongoing and are expected to provide evidence on how best to utilize these technological means for NCD prevention and control.•Though stroke unit care delivered by trained multidisciplinary teams may be too costly for wide implementation in LMICs, it has repeatedly been shown to provide high quality care that leads to better patient outcomes.•Evidence to support the use of polypill for secondary prevention of stroke (along with other CVDs) in LMICs is emerging because of its relative ease of use, effectiveness, and low cost, even as its use for primary prevention remains controversial.•Chronic conditions like stroke often require lifelong pharmaceutical treatment, maintenance of lifestyle changes, improved self-management skills, and caregiver and family support skills in order to achieve optimal health outcomes. Evidence in LMICs is lacking, but LMICs may face special challenges in this regard because health literacy and self-efficacy of patients are typically low.•Rehabilitation improves physical, speech, and cognitive functioning of disabled stroke patients. It is not clear which mode of delivery is better for LMICs, but it is expected that home- or community-based services and tele-rehabilitation may hold special promise.•System-based solutions should address health system barriers in efficiency and lack of capacity and human resources not only for stroke prevention and control but also to address other public health problems. Such solutions are needed to underpin any specific approach. For example, shifting and sharing tasks among specialists and community healthcare workers has received considerable attention as a system-based solution in resource-limited regions.•Evidence on the cost-effectiveness of various strategies in LMICs is limited. Nevertheless, prompt attention to and action on what is known -- the importance of tobacco control, sodium reduction, blood pressure control, and promotion of healthful diet and physical activity -- will contribute to curbing the rising epidemic of stroke in the coming years.
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